Central retinal artery occlusion (CRAO) is considered an ophthalmologic emergency. The prognosis of this disease is very poor. Currently, there is no generally effective therapy available to treat CRAO. Hyperbaric oxygen therapy (HBOT) can increase the volume of oxygen delivered to the ischemic retinal tissue until spontaneous or assisted reperfusion occurs. We report the case of a patient who experienced sudden visual loss due to CRAO that was treated with HBOT. The patient was an 81-year-old woman who presented with CRAO in her right eye (OD). She exhibited "hand motion" visual acuity before treatment. She underwent three sessions of HBOT at a pressure of 2.8 atmospheres absolute, performed over 3 days. After 4 days in hospital, her visual acuity improved to 0.4 (OD) for far vision and 0.5 (OD) for near vision. Her vision was stable without the supply of oxygen; therefore, she was discharged.
INTRODUCTION
Central retinal artery occlusion (CRAO) is a devastating and common ophthalmologic condition.
1 CRAO presents as a sudden, unilateral, and painless loss of vision. 2, 3 Even when treated promptly, an acute obstruction of the central retinal artery usually results in severe and permanent loss of vision. 4, 5 Traditional CRAO treatments (ocular massage, anterior chamber paracentesis, intraocular pressure-lowering medications, vasodilators, and oral diuretics) focus on moving the embolus downstream by lowering intraocular pressure and producing vasodilatation. 5, 6 However, there are currently no effective therapies available for CRAO. [5] [6] [7] Another treatment for CRAO is hyperbaric oxygen therapy (HBOT). This involves the inhalation of 100% oxygen at pressures exceeding 1 atmosphere absolute (ATA). During HBOT, the volume of oxygen dissolved in the plasma increases by up to 20 to 30 times. 8 We report the first case of successful treatment of CRAO through early HBOT in Korea.
CASE REPORT
An 81-year-old woman presented at the emergency department (ED) with a sudden, painless loss of vision in the right eye (OD). Her visual change had started 10 hours prior to ED admission. The patient's medical history revealed heart failure, atrial fibrillation, and a renal infarct. She had undergone cataract surgery on both eyes. When the patient visited the ED, her non-corrected visual acuity was noted to be hand motion only in the OD and 0.4 on a decimal scale in the left eye (OS). The intraocular pressure was 14 mmHg in the OD and 13 mmHg in the OS. She exhibited a grade 3 relative afferent pupillary defect in her OD. The anterior segment of her eyes was evaluated using biomicroscopy, with no abnormal findings. A dilated fundus examination revealed a slightly pale retina with a cherry-red spot in the macula. No definite evidence of a plaque or embolus was noted. A domain optical coherence tomography scan showed that there was a mild increase in the reflectivity of the inner retinal layer (Fig. 1A) . The patient was instructed on how to perform a digital massage on her OD. Topical brimonidine and dorzolamide/timolol were also prescribed to maximize the perfusion pressure.
Following the diagnosis of CRAO in the ED, we initiated oxygen therapy for 30 minutes via a facial mask with a reservoir bag (15 L/min), with no significant improvement in the patient's vision. Therefore, we decided to treat the patient with HBOT. Her vision failed to improve significantly at pressures of 2 and 2.4 ATA, and then, compressed to 2.8 ATA. The patient indicated that her vision comprised similar clarity as that prior to the CRAO diagnosis at 2.8 ATA, so we continued the treatment at a pressure of 2.8 ATA for 140 minutes in the multiplace chamber (IBEX Medical Systems, Seoul, Korea) (Fig. 2) . After the first session, the patient's non-corrected visual acuity improved to 0.2 in the OD and 0.5 in the OS. After her admission, she received intermittent oxygen therapy for 15 minutes every hour, alternating with 45 minutes of breathing room air, followed by an ophthalmologist performing anterior chamber paracentesis. After anterior chamber paracentesis, her visual acuity did not improve. The patient was also administered a 6 L/min supply of oxygen while sleeping. If her visual acuity decreased, we planned to restart the HBOT. The next day, the patient exhibited prompt light reflexes without relative afferent pupillary defect and presented with a non-corrected vision of 0.4 in the OD and 0.6 in the OS. When examined, it was noted that the cherry-red spot was no longer visible on the fundus, and increased reflectivity and irregular margins of the inner retinal layer were not observed (Fig. 1B) . During the HBOT session on the second day, the ophthalmologist was present to monitor visual improvement during the HBOT (Fig. 3) . Her near visual acuity in the OD gradually increased during the HBOT from 0.1 to 0.5. She received one session of HBOT (with the same treatment protocol for each session) per day for 3 days, with intermittent oxygen therapy following the HBOT. No complications occurred during HBOT. On the fourth day, the patient's visual acuity remained 0.4 (OD) for her far vision and 0.5 (OD) for near vision, the same as that without an oxygen supply (Fig. 4) . The patient was then discharged. She was followed up one month after discharge at the ophthalmology clinic, and her visual acuity was maintained at 0.8 (OD) without any complications, such as neovascularization or retinal pigment epithelium changes. 
DISCUSSION
The key reason for the poor prognosis following a CRAO diagnosis is that the retina is very sensitive to ischemia, as retinal tissue demonstrates the highest oxygen consumption rate per unit mass in the human body. 9 The inner retinal layers, which are normally served by retinal circulation, typically lose viability following an occlusion, causing vision loss among CRAO patients; however, if these layers can obtain enough oxygen via diffusion through the choroidal circulation, the inner retinal layers will remain viable. 10 Oxygenation of the ischemic inner retinal layers by HBOT depends on the choroid perfusion that occurs under CRAO conditions. 11 If the level of occlusion is at the ophthalmic artery, the blood supply to the posterior ciliary vessels will also be blocked, and there will be no collateral circulation to oxygenate the inner retina. 12 An adequate partial pressure of oxygen should be maintained in order to keep the retina viable until circulation is restored via natural recanalization, which usually occurs within 72 hours. 13 As no single modality is sufficient to treat CRAO, multiple treatments were administered in this case to maintain the patient's vision. Notably, there was an immediate visual improvement after the first session of HBOT and an improvement in the patient's near vision after the second HBOT session, suggesting that the patient's visual improvement was likely due to the HBOT. There are several limitations in this case presentation. First, fluorescein angiography was not performed. Therefore, the exact severity of the circulation defect could not be assessed. Second, multiple treatment modalities were applied to the patient, as no single modality is sufficient to treat CRAO. Although she did not experience any visual improvement during other treatments, there is a possibility that her vision was also aided from other modalities. The Undersea and Hyperbaric Medical Society has recommended that patients presenting for treatment within 24 hours after symptom onset should be considered for HBOT. 13 However, as medical insurance currently does not cover HBOT use to treat CRAO in Korea, we recommend that further studies be carried out to evaluate the effects of HBOT among Korean patients with CRAO.
